The study presented in this paper is focused on the effect of surfaces roughness of pure aluminium A1100 on the cold work extrusion process by three different angles of taper die. Different angles of taper die will affect the surface roughness of the workpiece. To protect the surface and to reduce friction, lubricants are often used in extrusion process [1] . Different lubricants may have different optimum taper die angle that are suitable to be applied. Two types of materials used in this experiment are steel SKD 11 for taper die and aluminium A1100 for workpiece and different angles applied are 30 o , 45 o , and 60 o . Moreover, with respect to each angle, three different types of lubricants were used which are Daphne Draw S Series, Palm Olein, and EFB bio oil. The Universal Testing Machine and Surface Roughness Tester were used in this experiment. The result obtained from the experiment shows that at 30 o of taper die angle were producing the smooth product surfaces for each lubricant and Daphne Draw S Series could reduce the surface roughness compared to other lubricant test.
Introduction
The tribological interactions between the taper die angle and workpiece in metal forming is greatly affected by effective lubrication [2] and also in the reduction of tool wear and also reduction load, lubrication is of high importance in cold work extrusion process. Researches have shown that the amount of lubricant carried between the rough metallic surfaces in contact greatly affects the value of friction. To substitute the lubricants commonly used in cold work extrusion, vegetable oils can be used as an alternative. Moreover, extrusion load is also affected by lubricant, lubricant method, surface finishing, and also heat treatment. S. Syahrullail et al. evaluated the viscosity of the lubricant affects the extrusion load [3] .
To prevent material transfer, adhesion, galling, and also scratching, it is necessary to use lubricants in metal forming processes. The transfer of softer workpiece material onto the tool surface can happen because of inadequate lubrication. Water-based lubricants, synthetic oils, and low-viscosity mineral oil are very suitable for light extrusion process. Thinning and fracture on the other hand can be a result of insufficient lubricant or metal forming in dry condition. Friction is greatly reduced with the presence of lubricants on each side of the workpiece [4] . The relative movement on the taper die and workpiece contact surfaces causes friction. Depending in material, contact surface, and lubricant, the friction acts as a main indicator. It was reported [5] that deep drawing process is greatly influenced by the friction between the workpiece.
For friction identification, two effects of friction had been used which were the friction effects on material flow and the friction effects on extrusion load. The magnitude of friction force on the workpiece interface significantly affects the material flow. Regions constrained by higher friction force flow slower compared to regions constrained by lower frictional force [6] . According to Schrader T et al. [7] with increasing extrusion ratio, the contact pressure at the surface generation and workpiece-container increased. This suggested that friction determination was more suitable done by double cup extrusion test with smaller extrusion ratio, as it has a high friction sensitivity.
A research done by Pradeep L. Menezes et al. [8] showed that the coefficient of friction and the transfer layer formation are do not depend on the surface roughness and are also controlled by the surface texture. Using different lubrications, friction is reduced and more lubricant can be retained by using a random smoother surface [8] . It can be seen that under both dry and lubricated conditions, coefficient of friction highly depends on surface texture. Compared to dry conditions, lubricated conditions show a lower value of coefficients of friction. There is a possibility where the same roughness parameter is obtained by two surface textures but there could be a difference in their frictional characteristics [8] . In terms of the usage of lubricants, it is identified that the higher the lubricant viscosity, the lower the friction coefficient [9] . Furthermore, the friction coefficient also depends on pressure where the coefficient is inversely proportional to the average contact pressure [10] .
To obtain the value of friction, materials and interface local conditions like surface roughness, the normal pressure, flow stress, strain rate, strain, and temperature affects the friction value [11] . For the study of surface roughness, the wear and surface damage also affect surface roughness where both of them are also affected by another factor which is localization of heat influenced by thermal conductivity of material [12] . Besides that, free surface deformation also causes surface roughness on material during metal forming [13] and also in the presence of a relative sliding motions, the surface roughness of the workpiece may be influenced greatly on the tool workpiece interface [14] .
In this experiment, three types of lubricants are tested which are Empty Fruit Bunch Bio oil (EFB), Daphne Draw S-Series (DDS), and also Palm Olein (PO). The effect of these three lubricants on the extrusion process was observed in this experiment. The main objectives of this paper to observe the effect of surface roughness on the cold work extrusion process by using different angles of taper die.
Methodology
In this experiment, the materials used are aluminium A1100 and SKD11 steel. The materials have to undergo a few manufacturing processes in order to obtain the accurate shape. The processes including cutting using EDM Wirecut Machine, annealing using Heat Treatment Machine, hardness test using Vickers Testing Machine, grinding, polishing, and hardening. All the workpieces and dies have to undergo these processes before they are ready to be used in the experiment. The chemical compositions for SKD 11 steel and pure aluminium A1100 are shown in Table 1 and Table 2 respectively [3] . The viscosity EFB, PO, and DDS are described in details in Table 3 . The workpieces and taper dies needs to be prepared into three different angles which are 30 o , 45 o , and 60 o and each angle had a pair of taper dies. Workpiece was placed between taper dies in the extrusion rig. The Universal Testing Machine was set up with their limitation of extrusion load and stroke up to 100 kN and 20 mm respectively. Once extrusion process was completed, force 200 kN was applied using hydraulic press machine to disassembled the rig and the next experiment can be continued. Subsequently undergoing extrusion process, the surface roughness of workpieces was to be obtained. The surface roughness test was carried out using the Surface Roughness Tester Machine. The machine was setup according to the parameters needed which are Ra, Rp, Rv, and Ry. Finally the average values Ra are suitable to plotting the results.
Results

Fig. 1: Surface Roughness of the workpieces respect to angles, (a) Measurement Diagram, (b) Daphne Draw S Series (DDS), (c) Palm Olein (PO), (d) Empty Fruit Bunch Bio Oil (EFB)
The mean values of the surface roughness Ra were measured by using Surface Roughness Tester. The surface measurement was study on 6 points on the plane strain of the workpiece surface from -8 to 4 as shown in Fig. 1(a) . The measurement was taken in perpendicular of the extrusion direction. The observation of the surface roughness were analyse in three different angles of the extrusion taper dies and three different lubricants.
As seen from Fig. 1 , each lubricant was examining the surface roughness by different angles of billet which were 30 o , 45 o and 60 o . The experiments repeating by three different lubricants are Daphne Draw S Series (DDS), Palm Olein (PO) and Empty Fruit Bunch Bio Oil (EFB). Fig. 1(b) was shown the comparison among of the angles by using DDS as lubricant illustrated from undeformed to
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Advanced Materials Engineering and Technology II deformed areas. Which are at 30 o and 60 o angles were lowest and highest surface roughness respectively. Nevertheless at 45 o angle the extruded product surface roughness is slightly higher than 30 o . These trends of the results were following by using PO and EFB where the same pattern almost similar on the product surfaces. For PO and EFB, the lubricants are not perform well on the undeformed and deformation areas, there were shown in the Fig. 1(c) and Fig. 1(d) .
The different of taper die angles could be affecting to the rough surface on the extruded product. The lowest angle of the taper die surface supposedly has low friction force due to there are bigger force value in vertical direction. Then it could be reduce their rough surface without has the more friction force to against the surface of the product. Based on Coulomb friction model, the high coefficient of friction would be high friction force [17] . If considered by three angles, it can see there is DDS perform lowest surface roughness of the product surface. There were strong indications on the 45 o and 60 o angles to stated DDS would be a lower product surfaces. A lower surface roughness means that the finished product is of a higher quality [17] .
In these results also shows that EFB will perform the rough product surfaces. The reason of the results can be explained by their different of the lubricity effect onto the product surfaces. The lubricity effect will working on the highest viscosity of the lubricant, but on these cases the highest viscosity level is DDS, were followed by PO and EFB. The high viscosity will against the friction force in order to reduce the rough surfaces. EFB with low viscosity mixed with the moisture content do not resist the effect of friction force as well as the DDS performs in the mechanical contact. The results also show that as the taper die angle decrease the surface roughness also decrease. This result corresponds with the research done by S. Kumar et al. [18] where the authors stated that the applied load is directly proportional to the surface roughness value and this shows at 30 o which has the least value of extrusion load also displays the lowest surface roughness. For all the lubricants compared, the results show that DDS has a smoother surface pattern followed by PO and EFB. The smoother surface pattern indicates that the lubricant helps in reducing the surface roughness of the workpiece that undergoes the cold work extrusion process. DDS has ability to reduce the surface roughness of extruded product compared to PO and EFB.
Summary
The effects of surface roughness on cold work extrusion process were determined in this experiment by different lubricants and taper die angles. Utilized the steel SKD11 as the taper die and aluminum A1100 as the workpiece, the experiments were carried out using three different types of lubricant which are Daphne Press Draw S-Series (DDS), Palm Olein (PO), and EFB bio oil (PO) with three different die angles which are 30 o , 45 o , and 60 o . From the research done, it can be concluded that die angle directly affects the surface roughness of the aluminium A1100 product surfaces. The different angles also affect the surface roughness by different lubricants used, which the DDS is showed the lowest rough surfaces could be reduced. The lubricants also produced different results for each lubricant and they affect the extrusion process greatly in order to produce a smoother product through extrusion where from the experiment it can be concluded that lubricant with higher viscosity causes the lower surface roughness of the product.
